Thus, animal models based on LOAD-associated genes are necessary to connect 1 0 5 common genetic variation with LOAD transcriptomes. To better understand the molecular mechanism underlying LOAD, we performed 1 0 7 transcriptome profiling and analyses from brain hemispheres of six month old female 1 0 8 mice carrying mutations in LOAD-relevant genes Apoe, Clu, Bin1, and Cd2ap. Weighted 1 0 9 gene co-expression network analysis identified several mouse modules significantly 1 1 0 driven by Apoe -/and Clu -/mouse strains. Moreover, we have compared mouse 1 1 1 modules with human postmortem brain modules from the Accelerating Medicine's 1 1 2
Partnership for AD (AMP-AD) to determine the AD relevance of risk genes. We For sample collection, mice were anesthetized with a lethal dose of ketamine/xylazine, After trimming, reads of length longer than 36 bases were retained. The average quality was determined by the Benjamini-Hochberg corrected p-values. The threshold for 1 7 0 significance was set to corrected p=0.05. Differential expression in the APP/PS1 models 1 7 1 were obtained from a generalized linear model with the same significance threshold We analyzed 48 RNA-Seq samples originating from three experimental batches: 1) all 1 7 6 late-onset genetic models (N=36); 2) one biological replicate of the APP/PS1 strain with 1 7 7 seven biological replicates of B6 control mice (N=8); and 3) four additional biological 1 7 8 replicates of APP/PS1 (N=4). First, we filtered out genes with TPM less than 10 for 1 7 9 more than 90 percent of samples and then log-transformed to log2(TPM+1) for 1 8 0 downstream analysis. We then used the plotPCA function of Bioconductor package 1 8 1 EDASeq [28] to observe the differences in distribution of samples due to batch effects. Modules (clusters) of correlated genes were identified using Weighted gene co- of a transcriptome-wide meta-analysis to decipher the molecular architecture of LOAD, 2 4 0 30 co-expression modules from seven different brain regions across the three cohorts module algorithms were used to identify a set of 30 aggregate modules that were Pearson correlation across all genes in a given AMP-AD modules to determine human-2 5 4 mouse concordance. To determine the effects of each genetic variant, we fit a multivariate regression model 2 5 7 as:
Where i denotes the genetic variants (Apoe -/-, APOEε4, APP/PS1, Bin1 +/-, Cd2ap +/-, and
Clu -/-), and expr represents gene expression measured by RNA-Seq transcripts per 2 6 0 million (TPM). (https://www.synapse.org/#!Synapse:syn11180450). First, we have examined the relative expression (compared to control B6 mice) of LOAD 2 7 1 associated genes to validate each strain. Expression of the mouse Apoe gene was 2 7 2 1 3 downregulated in Apoe -/mice (p < 1.00 x 10 -60 ) as well as in transgenic APOEε4 (p < 2 7 3
1.00 x 10 -258 ) mice, which harbor human APOE4 transcript driven by the GFAP 2 7 4 promotor ( Figure 1A ). Expression of Clu gene was also downregulated (p < 1.00 x 10 -30 ) 2 7 5
in Clu -/mice, while change in the expression of Bin1 was significant but very small 2 7 6 (log 2 FC = -0.3; p = 8.72 x 10 -12 ) in Bin1 +/mice ( Figure 1A ). The change in expression expression of respective LOAD associated gene except in Cd2ap +/models. principal component (10% of variance) ( Figure 1B ). Across all strains, APOEε4 2 9 1 transgenic and Apoe -/mice were most similar to each other ( Figure 1B ). Hemizygous
Bin1 +/-, and Cd2ap +/mice grouped closely to each another, suggesting functional transgenic mice, out of which 55 genes were upregulated and 74 genes were osteoclast differentiation that is related to TREM2 and TYROBP. We did not observe 3 0 7
any enrichment for downregulated genes in Apoe -/mice. In Clu -/mice, a total of 1750 3 0 8
genes were identified significantly differentially expressed (774 genes were upregulated 3 0 9
and 976 genes were downregulated) (p < 0.05; Table2; Supplemental Table 1) .
Pathway analysis of DE genes identified endocytosis, RNA transport, and ubiquitin 3 1 1 mediated proteolysis as enriched pathways in downregulated genes of Clu -/mice, while
Further, we also identified that 122 genes were common between the Clu -/--driven 4 0 0
brown mouse module and all AMP-AD neuronal system modules in Consensus Cluster 4 0 1 C ( Figure 5B ). We assessed these 122 genes for differential expression in each mouse 4 0 2 strain (Supplemental Table 1 ) and found that 35 out of these 122 genes were 4 0 3 differentially expressed (30 genes were upregulated and 5 genes were downregulated) 4 0 4
only in Clu -/mice, while three out of these 122 genes were differentially expressed only 4 0 5
in APP/PS1 transgenic mice (one gene was upregulated and two were downregulated).
0 6
One of these 122 genes (Syt7) was upregulated in both Clu -/mice and the APP/PS1 4 0 7 transgenic mice. These finding suppot the likely role of CLU in neuronal function. Consensus Cluster E, which are in turn enriched in organelle biogenesis related The gene set overlap analysis identified mouse modules that are significantly beta (Aβ) and regulates its clearance from brain. In particular, the presence of CLU and 5 0 7
the APOEε2 allele promotes Aβ clearance from brain, whereas APOEε4 reduces the modules ( Figure 6 ). Understanding of the complex interaction between these genes is 5 1 1 essential to interpret molecular mechanisms underlying AD. Hence, it would be 5 1 2
interesting to analyze mice models carrying different combinations of genetic variants. We did not observe any striking responses in brain gene expression patterns in 5 1 5
APOEε4, Bin1 +/-, and Cd2ap +/mice based on the small subset of differentially 5 1 6
expressed genes, as opposed to effects observed in the Clu -/and Apoe -/models 5 1 7 (Table 2) . Nor did we observe any mouse modules significantly driven by these 5 1 8
perturbations alone. We note that these models were limited to heterozygous mutations 5 1 9
in Bin1 and Cd2ap and astrocyte-specific expression of APOEε4. The latter limitation 5 2 0 may be insufficient to capture the role of APOE variants in microglia and disease risk 5 2 1
[56]. However, our human-mouse comparison revealed significant correlation of these 5 2 2
mouse models with multiple human-derived AMP-AD co-expression modules. We while few individual gene expression changes are large enough to be captured by 5 2 5 differential expression analysis. This may suggest region-specific and/or cell-specific 5 2 6 signals that are diluted by our bulk whole-brain analysis. We have observed that Bin1 +/-5 2 7
models were significantly associated with multiple AMP-AD co-expression modules, pathways, which is in concordance with other studies [57, 58] . Furthermore, Cd2ap +/-
mice captured similar human AD signatures as Clu -/mice, it may be due to their 5 3 1 involvement in similar pathways like blood-brain carrier, and loss of function in Cd2ap 5 3 2 may contribute to genetic risk of AD by facilitating age related blood-brain barrier genes will be essential to evaluate their role in LOAD onset and progression. The molecular mechanisms of AD driven by rare mutations in APP, PSEN1, and PSEN2 factors are distinct ( Figure 1B) , although our functional analysis in the context of human 5 4 3 disease modules also detected some common neuroimmune effects ( Figure 6 ). It the late onset of AD. In this study, we have analyzed mice carrying alterations in LOAD 5 4 8 candidate genes and found that different AD risk genes are associated with different 5 4 9
AD-related pathways. Our approach provides a platform for further exploration into the 5 5 0
causes and progression of LOAD by assessing animal models at different ages and/or 
Figure 5 : Overlaps between AMP-AD and key mouse modules: (A)
Overlap between AMP-AD microglia modules in Consensus Cluster B and Apoe -/--driven ivory module (shown in blue). We identified 22 genes which were present in all AMP-AD microglia modules in Consensus Cluster B and the mouse ivory module (red vertical bar). (B) Overlap between AMP-AD neuronal modules in Consensus Cluster C and Clu -/driven brown module (shown in blue). We identified 122 genes which were present in all AMP-AD neuronal modules in Consensus Cluster C and mouse brown module (red vertical bar). Table 1 : Study population. Whole-brain left hemispheres were collected at six months of age from female mice. 
